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COXPARISON OF .FIXED-STABILIZER, ADJUSTABLE-STABILIZER
AND ALL-MOVABLE HORIZONTAL TAILS
By Sidney ¥. Harmon

SUMMARY

An analysls 1s presented to compere longltudinal
stabllity end control characteristics obtalined with a
coaventionel fixed-stabillzer, an adjusteble-stabllizer,
end en all-movable horlzontal tail. The tall-area
requirements, cocntrol forces required in the critical
landing conditlon, statlic mergin, control-force gradlients
In a dive recovery, and elevator-free stability are
Investlgated. The enelysis Includes a comparlson for
the varlious talls of the effect of a pertisl-wing stall
on the control-force gradlent In & dive recovsry. The
effect of an Incresse in the tall aspect rastio is also
Investigated. '

The results of the analysls lndicated that, with
regard to requlrements for longitudinsel statlc stabllity
and adequate control in landing, the all-movable and
adjJustable~-stablilizer talls can provide, with conslderably
smaller tall areas, the same range of permissible center-~
of-gravity poslitions as the conventlonal fixed-stabllizer
tail,

The comparison of the longitudinal control character-
1stics on the bssls of a speclified range of permlssible
center-of-gravlity posltions indicated that the adjustseble-
stabllizer teil allows considersbly smaller control
balance for the rete of change of hinge-moment coefficlent
wlth elevator deflection than the flxed-stebllizer tall.
The comvarlson elso Indlcated that the increase in contirol-
force gradlent as s result of a partial-wing ataell in a
dive recovery willl be significantly smeller with the &ll=-
moveble .and adjusteble-stabilizer taelils than with the
conventlonal flxed-stabilizer tell.
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INTRODUCTION

The present trend towsrd higher spseds- end greater
slze of alrplanes 1s incressing the demands on the hori-
zontal tail with regerd to obtelning adequste longitudinal
control under scre importent flight conditions. 1In par-
ticuler, the use of flap devices that give increasingly
- large increments in 1i1ft in order to malntaln reasonable
landing speeds mey &dd appreciably to the diving moments
which must be balenced out by the longltudinal control
in the three-point-lending ettitude. An enalysis of a
typical fighter eirplenz (reference 1) shows that a
fixed-stebllizer horizontel tail of conventlonal size
would provide merkedly iradeguseste longltudinal control
In landing with & full-spen slotted or Fowler flap. The
results of reference 1 show thet with a slotted flap, the
airplane would regulre an increase in tall volume of

gercent in ordsr to permit & center-of-gravity travel

5 percent of the mean asrodynamic chord and thet
tnjs 56-percont increese in tsil volume would permit a
center~of-gravity traval of only 2.1 wvercent with a
Fowler f{lep. Further, reference 2 hes shown thet in the
cass of high-speed pull~-outs a large diving moment may
occur as a rsesult of a partlal-wing stall caused by
critical compressibility eflects and the lnadeqguacy of
the normal slevetor for counteracting this diving moment
1s reswonslble 1In meny cases for the extreme difflculty
recently experlienced In recoveries from high-speed dlves.

A common method of obtalnlng greater longitudinal
control has heen to incresse the hiorlizontel-tall volumse
by incregsing the tell ares. It is evident, however,
that as commared to the conventlonal horlzontel tall
having a fixed stebllizar, the adjustable stabllizer and
gll-movable control rermit an ilncresse in the tseil
efTectlveness. The adjustable-~-stabllizer and ell-movable
tails therefore should provide a sneclifled degree of
longltudinal ccntrol with a smsller erea then thaet required
with a Tixed-stebilizer teil., A comparison of the differ-
ent types of horizontel tell on the basis of specifiled
stabllity end control requirsments would serve therefore
to indicete the comperative merits of these talls In
regard to obtalning improvements in horizontal-tall
deslgn.,. :

Results are presented of en anelysis In which the
conventionel flxad-stablllzer, the adjustable-stabllizer,
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end the all-movable horizontel talls are compared on the

" basils of "tall-aies réquirements end alrplane static longl-

tudinal stebility end control characteristics. The analy-
8ls 1s made for these tall configurations on a modern
fighter airplane. The data for the horizontsl talls are
presented, however, for a wlide range of stabillity and
control requirements, so that the results of ths present
Investigation can be applied to a number of ailrplane
types. The eanalysis of the horlizontal talls includes a
comparison of the longltudinal control characteristics
for flight conditions in which the wing 1s partlially
stalled. The effect of an lncrease in the tall aspect
ratio on the static longltudinal stabillity and control
characteristlics 1s also consldered.

SY¥BOLS
Cw mean asrodynemic chord of wlng, feet
lg tell length meesured from quearter-chord voint

of mean aserodynamlc chord of wing to quarter-

chord voint of tall, fraction of cy(see fig, 1)

lo distance meesured from quarter-chord point of
meAan aerodynemic chord of wing 1n original
noslitlon to neutral polnt, fraction of cy;
positive when neutral point 1s behind querter-
chord point (ses flg. 1)

ch distance measured from quarter-chord point of
mean serodynamic chord of wing in originel
position to center of gravity of airplane,
fraction of cy; positive when center of
gravity 1s behind quarter-chord point (see

fig. 1)

Azcg distance center of gravlity 1s moved, frection
of cw; positive when moved back, primed to
Indicate thet wing 1s moved simultaneously

x statlc margin with elevator fixed (distance

measured from eirplane center of gravity to
neutral point), fraction of cy; positive
when neutral polnt 1s behlind center of
gravity (see fig. 1)
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distence measured from asrodynamic center of
all-movable tall to pivot of main surface,
feet; positive when rivot 1s behind aero-
dynemic center

distance wing 18 moved, fractlon of cy;
positive when wing 1s moved back, primed to
indicate that center of gravity 1s moved
slmultsneously

chisnge in neutral-point position due to change
in horizontal-tall area, fraction of - cy

chenge 1In neutrel-point position due to freeing
the elevator control, fraction of cyg-

chhange in nsutral-point position thet results
from pertiael-wing stall, fraction of cy

rearward movement of aerodynsmic center of wing
that results from a partlel-wing stall,
fraction of cy

cherd, feet

root-meen-square teil chord, feet

root-meen-squsre elevator chord, feet

spen (of wing unless otherwise indicated), feet

area (of wing unless otherwise indicated),
squsre fost

chenge in tall area 3¢ requlred with rodifled
tall to melntaln soeclfled static lergin

aspect rsatio
turer retio of tall
weight of airplsano

weight of horizontal tall per unit aresa, pounds
per square foot

total welight of wing, pounds



NACA ACR No. IS5HOL s 5
— L ... - elr denslity, slugs per cubic foot

Ko elevator geering ratio, radlans per foot, stick
travel

q dynamic pressure, pounds per square foot

Qa engle of attack of elrplane messured as engle
between the thruast axls end wind direction
et Infinity, degrees; primed to indicate
that a 18 corrected for ground interference
effects

o] engular deflectlion of control surface, degrees

1tmax maximum angular deflection of stabilizer
measured with referemnce to thrust axis,
degrees

aemax maximum negative anguler deflectlion of elevator,
degrees

€ downwash engle at tall, degrees; primed to indicate
that € 1s corrected for ground inter-
fersance effects

T elevetor-effectliveness pasremeter equal to the
change 1n angle of attack of the tail
requlred to give the same totel 1lift over
the tell as that contributed by 1° of
elevator deflection

a slope of lift-coefficient curve per degree,
(for airplane unless indicated otherwise);
primed to indlcate varameter 1s corrected
for ground effects

de rate of change of downwash angle at tail with

da angle of attack of wing

G%E) rate of change of downwash angle at tall with

Sl engle of attack of wing after begimming of

wing stall

oa
'S;E_ rate of chenge of angle of attack at sectlion
Sfy of the teil with tab deflection for

Cl¢ constant 1ift at section
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rate of chenge of pltchliang-moment coefficlent
of tall about quarter-chord point of tail
with elevator deflectlon for constent 11ft
over tall

rate of change of pitching-moment coefficient
about quarter-chord point of section of
tall with tab deflection for constent 1ift
at section

1i1ft coefficlent of tall

meximum negetive 1lift coefficient of teil that
can be obtalned ln the three-point attitude
with ground-effect correctlons

maximum 1ift coeffliclent of wing with flaps
fully deflected

section 1lift coefficient of taill
pltching-moment coefficlent ebout center of
M
gravity of airpleane (——:—)

”

qn‘l W

pltehlng moment about center of previty of
alrplanc, foot-pounds

rete of chenge of G, wisa &a
rate of znsuce of Cp wich ayg

R
olevator hlinga-moment coelricient Kf—-f—i)

elevator hlige moment, foot-pounds
reta of' cnungs of Cp with &g
reta of cherge of G, with ay

contstution o Cp per 'mlt chenge In a of

eontinsd effacts of aell fectore otlier then
wlng aad tell
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Acma combined contributlons to C of factors other

m
""" ""then ‘those represerted by term cIﬁAEch“‘“
end tall
Cmi " contribution to Cp of the tell pltching

moment atout tall quarter-chord polnt that
results from the maxlmum negative elevator
deflectlion

d°mt'

contribution to GCp per unlt chenge in 6g

of ths tsil pltching moment ebout teil
quearter-chord point

J Tasctor usasd to determine contributlon of tadb
to tetll 1ift

E? facbor used to detsrmine totsl pitcalrng-moment
contribution of te&b about quertsr-chord
point of tall

Fn chenge In elevator control force psr unit chenge
In normal acceleration, pounds p2r g

g acceleration of grevity, 32.2 feet per ssacond
ner second

Fr, control force regulred to lend at minimum epeed
with center of gravity Iin most forwsrd
position, pounds

(AFn)st change in F, thet resulte from pasrtisl-wing
stell, pounds ver g

B, D constants used to determine F,

B+QtSt
K constent used to determine (Azo)st, ~enas
Subscripts
t tell
e elevator

st occurs after wing begins to stall
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w wing

g tab for gll-movable tsall

- METHOD OF ANALYSIS

Basis for Comparison

The fixed-stablllzer, adjustable-stabllizer, and
gll=-movable horizontel tails on & modern fighter airplane
are compared in the present eanalysis. Beceause the present
trend In tall design 1s toward higher espec* ratlos,
aspect ratios of L.24 and 5.82 were treated for the fixed=-
stablllizer tall in order to glve data showlng the effects
of increases In aspect ratio. The areas required for the
three types of tall heving equel aspect ratios (5.82)
were compsered for an equal range of permlssible center=-
of=gravity position. With the respective areas deter-
mined In thils mennsr, the three types of tall were also
"comnared on the basls of the following factors:

(1) The effect on the stetic margin of the alrplane
of replaclng the flxed-stabillzer tall with other tall
designs

(2) The control-balance required to obtain a
specifiled control-force gradlent end verlistion of control=
force gradient with center-of-gravity position

(3) The effect on stetic longitudinal stabillty of
freeing the elevator control

(I4) The meximum control forces in a three-point
lending at minimum speed

(5) The effect of a psrtiml-wing stell on the
control-force gradient in e dive rscovery

Data for Calculations
The basic deta, which are representsetive of data for
a modern fighter elrplenc, that were used in calculating

the stabllity and control characteristics of the selected
elrplane are shown in table I.
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The basic design data end serodynsmic parameters for
‘the horizontal tails are-given in.table._II. The calcu-
lations for the taells were made for a plan form having
en aspect rstio of 5.82 and a taper ratio of 2.16, which
corresponds to the wing plen form of the alrplane. The
calculations for the fixed-stabilizer tall were also made
for a plen form having an aspect ratio of L.2l, end a taper
retio of 1l.71, which corresponds to the plan form of the
original tall of the subject alrplene, '

The stebllizer setting, the ratio of elevstor chord
to tall chord, and bemax for the flxed-stabllizer

tall were assumed to be the same as for the original
horizontal tall on the subject airplsne. For the
edjusteble~-stablilizer tail, the maximum angular travel

of the stablilizer was limited by the condition thet, with
the wing fleps fully deflected at 120 percent of the
minimum speed, the negative angle of attack of the tall
was sbout 2.5° below its negative stalling engle. It was
further specified thet with the stabilizer fully deflected,
the alrplane could be trimmed at all times in a normal
landing meneuver by use of the elevator. In order for
the tell to operate within the linear range of the
elevetor effectiveness, the values for the ratlio of the
elevstor chord to tell chord and for aemax were assumed

to be smaller for the adjustable-stablllizer tall than
for the fixed-stablilizer tell - that 1s, cgfcy was

reduced from 0.2%22 to 0.20 and Gemax was reduced

from =25° to -15°. These assumptions were based on the
data of flgure % of reference 3 end were necesssary becsause
of the large Increase in the negative incldence of the
tell when the stablillzer 1s fully deflected.

The all-movable horlzontal tall consldered in the
present analysls 1s simllar to the all-movable vertical
tail surfece reported in references L and 5. For this
type of tell, the plvot 1s located at the aserodynamic
center of the tail or at some polnt behind 1t and a tsb,
linked to the mein surfece, moves in the seme direction
as and in a predetermined ratlo to the maln surface.

The proportlons of the tab and the tab-linkags
ratlo Gft/be were so determined that the control-force

characteristics for the all-movable horlizontal tall, when
used on the subject alrplane, would be comparable to
those obtalned with the other types of horlzontel tall,
The meximum negetive deflectlion of the all-movable tall
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was so determlined thet the negative stalling angle for
the tell could be obtained in a three=~point landing at
minimum speed. In contrast with the allowence of 2.5°
assumed in the case of the adjustable-stablllzer tail,
which was set for the spproach conditlon, no allowance
was assumed for the sll-movable tall In the landing
conditlon because the sdjustable-stabllizer tall was
belleved to be genersally more difficult to unstall than
the ell-moveble tall., The effect of othsr considerstions
thet may limit the maximum engular trevel of the sta-
bllizer and of the all-movable control 1s discussed
herein In the section entitled "Results and Discussion."

The values for the eserodynamlc peremeters &t and T
used In the calculatlions for the horlzontal talls were
based on the deta of refersnce 3, In the case of an
all-movable tall with a teb,

da 6
T=1-o.1J<Q6:> -E—t
T el 5]

where J 1s 2 functlon of the span end location of the
teb end of the tell taver retio. Valuss for J were
obtained from figure 2 of reference 6. The factor 0.1
represents the slope for the section 1l1ft curve ver
degree,

Procedure for Calculations

The symbols that refer to the posltion of the varlous
points along the longitudinal axls of the slrplene are
ldentified in figure 1. The quarter=-chord point of the
mean gerodynamic wilng chord of the subject airplane is
teken as the reference chord, and distences along the
longitudinsal axls are measured in fractions of the mean
aerodynamic chord of the wing.

The rsnge of the permissible center-of-gravity
posltions was l1limited in the rearward direction by the
elevator-fixed neutral polnt as determined for the.
cruising condition end in the forwerd direction by the
requirement for adequate control In a three-point
landing et minimum speed.
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The most resrward position for the center of gravity
or the neutral polnt-for the crulsing condition with
elevator fixed was determined from the equation

dCmy at%st(l - q) 7'1: - )

swlo + —gg - =0 (1)

where lg corresponds to the limi+ing rearwerd position

for the center of grevity. arameter de€¢/da in
equatlion (1) wes evsluated as 0 E from the data of
reference 7. The term dC l/da in equstion (1)

represents the comblned contribution to C, of factors

other than the wing end taell, such as power and fuselsge
effects., This term was eveluated by mesns of unpublished
flight-test data for the subject ailrplene from wvhich the
positlion of the neutrel point for the crulsing condition
wlth elevetor flixed wes obtained. The solution of
equation (1) with the velue of 1, obtalned from the

flight-test data then deteramines the value for dCp;/da.
The term deL/da wes thus svaluated as 0.01 and wes

asgumed in the computetlons to be indepundent of the
center-of-grevity position. The differesnces in the
effect of power at crulsing speed for the verious teoills
were neglected, so thst the valuse for dcml/da was

essumed to be independent of the slze end type of hori-
zontal taill.

The most forward center-of-gravity position for =a
three-point landing st minimum speed was celculeted from
the formula

ae3tCLy' (24 - log)
qs

cIma__thcg + ACma - + cmt'.= 0 (2)
where 1lgg corresponds to ths limlting forward center-
of=gravity position. 1In equation (2), the term Acm2
refers to the lsnding condition end represents the
combined contribution to Cp of factors other than the
tell end the factor Cr, . leg. The term wes evaluated
by means of unpublished flight-test dats for the subject

airplane from which the most forwerd nermissible center-
of-gravity position in landing wes obtained. Thke
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solution of equation (2) with the value of ch obtained

from the flight-test data then determines the value
for ACmpe. The term Acm2 thus obtained was evaluated

as =0.063. This value of ACp, Wwas assumed to be

independont of the slze and type of taill and also of the
center-of-gravity position. The factor CLt! in

equation (2) 1s the maximum negative taell 1ift coef-
filcient that can be obtained in the three-point-lending
attitude and was determined from the equation

Cry' = at'(at' - €' + 1t’me.x + Taema_x) (3)

where at',. at', and €' are the veluss for these

varameters in the lending at minlmum speed with ground-
effect corrections applied in accordence with the method
of reference 8. The term cmt' in equation (2) is the

contribution to Gy of the tail pltcking moment about

the tell quarter-chord point that results from the mexi-
mum negatlve elevetor deflesction in the lendling condlition,
and

6cmt 2
o /o Bem atct bt
Cm¢, chw

The effect on the statlic mergin x of the sirplane

of replacing the fixed-stabllizer horizontal teil with
other tall deslgns having different tsll areas was deter-
mined on the basls of the neutral-polnt posltlions, which
were obteined from equetion (1) for a large range of
values of 8¢/S. The meens consldered for mainteining a
given statlic mergin with a modifled tail of different
area Included an appropriate shift of the center of
gravity Azcg or an approprlate shift of the wing Alye

The value of Algg 18 equal to the shift of the neutral-

point positlion essoclated with the use of the modifiled
tell minus the shift in the center-of-gravity position
thet results from the chenge In the tail weight. In the
computetions for Aly, the gquarter-chord point of the
tell wes assumed to be moved an equal dlstence 1n the
same direction as the wing so thet the tall length 14
is unchanged. If the effect on the airplene center of
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gravity of the wing end tail welghts are included, the

'formulaB”for"Klbé“‘hnd““nlﬁ' become: "
: w
Mlog = Alg - Tily ASt © (ly)
. L
. ) -Alo - W‘Zt Ast
oW "W

where the tall welght per unit area Wy Wwas teken as
2.1 pounds per square foot, end Wy was teken as i
2860 pounds. The term ASy represents the change in
required St due to the tell modlfication, as determined

by equations (1) and (2) on the basis of the original
range of permissible center-of-gravity positions.

If the statlc margin of the airplane with the modlfied
tall 1s maintalned constant by moving the center-of-gravity
end wing positions simulteneously, equations (L) and (5)
can be written .

' s
Al = Algy - 0.132 A%E + Alw'(0.68 - 0.055u-s—t) (6)

1
cg
where the primes for Azcg and Al, indicate that the

center=of=-gravity and wing positions were moved
simultensously.

The change 1n control-force gradlent in steedy
turning flight was obtalned from the formula

2 o
F, = (ChaeB + cha.tD) qtKoCe Do (7)
where ' . L
Q3Cmg 9Cmeg
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and.

de\ '
w(1 - 3o 28.6pgow(Lt - 1lo + x)
8

D " + % (9)
In equstions (7) to (9),

. _ =atSgTaslly - 1o + x) . depy,
m5y qs dbe

where dep, /d6g 1s the contribution to Cp per unit

chenge In 8g end results from the tell pltching moment

gbout its own quarter-chord point. Thls term usually

contributes s smell emount to the value of Cm6 . In the
e

csse of the all-movable tail’
/acm) 6 — 2

jo 2gq.Cy. b

demy \551'*5 Cry Bo £°t Ve

= 11
dde QSey (11)

where E! 1s a function of the span snd location of the
tab and of the tall teper ratio. Values for. E! are
given in figure 7 of reference 6, In equation (8),

_ -ag8pat(le - lo ¥ x)

cmat = — 33 (12)

Values for Cng , chat’ and St thet were used
e

to determine Fp are discussed 1n the present paper in
the sectlion entitled "Longitudinal Control Charscteristics.™

The effect on the statle longltudlnal stabillity of
fraselng the elevator control was obtained from the

formula de
vy = Cmp oChay, (1 = %) (13)
°F ~ ‘&Chgg 3

where ALOF 1e the shlft in the neutrel-point position
that results from freelng the elevetor control. In
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equation (13) Alg, 1s assumed to be negligible in com=-
parison’ with the térm "Iy = ‘Lo + X. The expression

de
) -chat(l - ‘—1';'
Ch

8o

In equation (13) represents the chamge in floating angle
of the elevator per unlt chenge.in a..

The control force for the lending condltlon at the
minimum speed with the center of gravlity in the most
forward position was obteined from the formula

Fr = [Chaebemax + chat("'t' - €' + 1tmax):,' theEezbe (1)

whore ag' I1s the geometric angle of a*teck of the tall
that corresponds to the minimum lendirg .pr3»1 corrected
for ground sf*=ct cs measured with the stsclilzer 1n the
neutral positicn,.

The effocts of & pertisl-wing stall on the control-
force gradisnt in a dlve recovery for the threes horlzontal
talls were corpered by considering the chenzea due to the
stall In the wosltlon of the center of pressure of the
wing 1lift, In the 3lope of the 1lift curve of the wing,
and 1n the downwash angle at the tall. In thils comparison
the effect of the wing stell on factors other then the
wing and tell were neglected.

The chesnge in the control-force gradlent due to the
partlial stall in a dive recovery was ovbtelned by means

of the formula | 5
Z2, L [ (32 aé
Wa:KaTa“ho | ata)seOhee |77 iy T da
R R b I P k) S
=qQ nmse L &gt a t
- ) »
(15)

where a4y 1s the slope of the lift-coefficient curve
for the afrplane durlng thé wing stall and
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atqtstl:l - (S—j)sJ

8st = 8wgy * aS

Also (Alp),, 1s the shift in the neutral-point position
due to the wing stell end, from equation (1),

-
de) ’ awst de
- — + - ————

(ALO)st= - (16)
fy
St+K|'1- )] 1+K€_-EE\
Sy st da
h
where N
= ~eras

The quantlitative results presented In the comparison
of the effect of the wing stall on the control-force
gredient in a dive recovery were obtalned for s partial-
wing stell for which it was assumed, for convenlence,

thet
’de) SWst ge
st

& —3;— da

Ow
Adgt = 0.10 (1 - 2k

On the besis of these assumptions, equations (15) end (16)
beccme, resspectlvely,

thKeEeabe I‘(A 13 lo) ') s tChﬁs

1 .1

= + - —-)C (1
(aFn) st = O, (as - a) o, 7)

8Wet de 8t st [, de

(61.) _mt<1- o da) o.10—-a—w-<1-—g— Kzt< -

o/st ™ - /
&wst +x(1- aw I .d_*!\ . 1 +K\\l_%—:)
Gy 8y do

(18)
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RESULTS AND DISCUSSION
~Renge- of Permissible"Centennof-Grayity.3osit1qn§_

The rearward and forward boundarles for the permiss=
ible range of center-of-gravity poslitions for the fixed-
stabllizer, edjustable-stabllizer, and all-movable
horlzontal talls are shown in figure 2, The results are
shown for values of 8¢/S reanging to 0.30. The limiting
rearward center-of-gravity position in figure 2 1s deter-
mined by the requirement for statlc longitudinal stab-
11ity in the crulsing condition with elevaetor fixed.

This boundary was obteined by solving equation (1) for 1,
with specified values of S;/S. It will be noted from

equetion (1) thet the parsmeters which affect this
boundery generally do not change with the type of hori-
zontal tall. Thls boundery wlll be affected, however,
by a change 1ln the tall espect ratio becauss the term
in equation (1) is & function of the tall espect ratio,

: S¢
Figure 2 indicetes thet for 5 = 0.175, which corresponds

to the horizontal-tell area of the subject airplane, an
increase in the tail aspect ratio from L.24 to 5.82
incresses the statlic margin by 0.026cy.

The forward boundary for the permissible range of
center-of-gravity position given in figure 2 1s determined
by the requlrement for adequate control in the critlical
lending condition. This boundary was obtelned by solving
equation (2) for 1,; for specified values of St/S.

Flgure 2 shows that the boundsry for adequate control in
the critical landing condition will be shifted considerably
forward by replacing the flxed-stabllizer tail with elthsr
the adJustable-stablilizer or the all-moveble tall. For

%F = 0.155, the forward boundasries for the adjustable-
stabllizer and sll-movable talls are 0,18cy and 0.21cy, .
respectively, shead of that for the fixed-stabllizer

tail = 5.82). Figure 2 shows that in the case of

the fixeg-stabilizer tall, the effect of aspect ratio on
the forward center—of-gravity boundery 1is small.

The large forward extenslon of the range of permlss-

ible center-of-gravity positions, which results from the
use of the adjustable-stebllizer and all-movable tails,1s
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caused by the lerge incresase in CLt' that can be

obtained with these types of horizontal tail as compared -
with the flxed-stabllizer tail. The calculated value
~ for Cr4' for the fixed-stabillizer tell was -0.029 as

compered with -1.05 and -1.25 for the adjustable~stabllizer
snd all-movable talls, respectlvely. The numerically
larger value for CLy' obtsined with the sadjJustaeble-

stabilizer tail 1s due to the influence of the term 1tmax

in equation (3), and for the all-movable tall, the
numerically larger value for Cry' 18 due to the term 7

in equation (3). (See table II.)

The results shown in flgure 2 indlcate that as
compered with the fixed-stabilizer tall of Ay = 5.82,

the adjustable-stablllizer snd all-riovable talls permit a
reduction in horizontal-teil area of sbout [0 percent for

a glven center-of-grevity renge. In the casse of the flxed-
stabllizer tall, the lncresse in amspect ratio from l.

to 5,82 permits a reduction in horizontal-tall area that
verles from about 10 to 12.5 percent.

In connectlion with the comparison shown Iin filgure 2,
it should be noted that the tall area required to provide
adequate control in the criticel landing condition willl
derend to a slgniflcent extent on the condltlons speclified
in regard to limiting the maximum sngular travel of the
various control surfaces. Thus, in the csse of the
adjusteble-stablllzer tall, the criterion for the maxlmum
steblllizer deflection 1is 1llkely to be based on the
placarded speed for the airplene with fleps down.

In thls connection, 1t 1s noted in reference 9 that
longltudinael Instability hes occurred on several alrplanes
et small wlng engles of ettack with flaps down. This
Instability esopears to be caused by stalling of the tall
surface due to the comoeretively lerge negaetive incildence
of the t=zll associeted with a small wing angle of attack
end a large downwash angle wlth the flaps deflected. On
this basis, 1f the placarded speed 1s teken at a value
greater thasn 120 percent of the minimum spsed, with
sultable ellowance for limiting the stablilizer deflectlion
to svert tall stalling, the results Indicated in figure 2
for the adjustable stabllizer would be unduly optimlstiec.
Similerly, the results shown in figure 2 for the all-
movable tell would be optlmistic if the maxlmum control
deflection were so limlted that the 1lncldence of the tall
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in the ecritical lending conditlon 1ls e few degrees below
.. the negative stalling angle. For example, the maxlmum -
angular travel of thé all-movaeble tall-might be limited--.
by the condition that in a wave-off, the sudden appli-
catilon of power should not iIncrease the downwesh to the
extent of stalling the teil. On thils basis, if 1t were
speclfied for the all-movable tall that its mexlmum :
Incildence In the criticsel three-point lending condition
should not exceed a value of 2° below its negative
stalling eangle, then the boundary for adequate control °
in the lending condltion shovm in figure 2 would b

shifted rearwerd by a valus of the order of 0.2lc =

S
or sbout 0.0325c, when ?f = 0.155,

[ed "]
wg ’

Stetlc HWergin

Flgure 2 indicetes that & reductlon ln horizontal-
tall aree results in s forward snlft of the neutrel point.
Consequently, in ordsr to malntaln en equsel stetic margin
in conjJunction with a r»sduced horizontali-tall ersa, the
center of grovlity should ncrmelly be moved sheed a
distanco equnl to the forward shift of the neutral roint.
In the preliminsry stages of deslzn, the raquired center-
of-gravity shift msy be &ccoriplished by moving tho engine
forverd. An eltarnegtlive method for odbtalnling an equel
stetlic mergin in conJunctlion with s reduction in
horlizontal-tell eree 1s to move the nsautrel noint back
by sn appronriste reerward movemant of the wing.

Figure 3 1s glven 1ln order to indicete for tlhe air-
pPlene the movements of the conter-of-grevity or wing
position that ere required with the reductions 1n
horizontal-tell srea esscclated wlith vearlous typss of
tells In order to maintein a specifled static mergin.

The ereas for ths modlfied tall deslgns are besed on the
condition thet they glvo a range of sermlissible center-
of-gravity posltions oqusl to that obtained with the
flxed-stablllzer tell (A; = 5.82). The respective tell
eroas were obtelnod from figure 2, and are shown 1n

figure 3(a). The movemerts of the center-of-gravlity Azcg
or wing position Alyg required with the fixed-staebllizer
(st = L.2L), adjusteble-stabilizer, end all-moveble tails
are shown figure 3(b). The results for Aleg and Aly

indiceted in figure %(b) were obtained by mesmns of
equations (4) emd (5), respectively. The shift of the
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neutral-point position Alo for use in equations (h)

end (5), which results from the change -in Si/S associated
with the modified tall, wes determined from flgure 2.

In figure 3(b) the values of Azcg end Alyg refer

to the cese in which elther the center-~of-gravity or the
wing mov.ment 1s made independent of the other. The
requlred movements of the center-of=gravity and wing
positions for the case of a slmultaneous movement may be
obteined bZ meeans of the data of flgure 3 on the basls of
equation (6).

Figure || shows a plen view of the subject airplane
wlith a fixed-stebillzer tall and with en all-movable
horizontal .tail of reduced area., The all-moveble taill
with reduced area provides the seme renge of permissible
center-of-gravity posltions as the fixead-stabllizer tall,
and the resrward movement of the wing of 0.72 foot indi=-
cated in filgure L, meinteins the originel static margin,
If the center of grevity of the &lrplane with the all-
movable tell were moved forward 0.265 foot, the original
statle margin could be melntained with a rearwsrd move=-
ment of the wing of 0.332 foot.

Longitudinal Control Characteristics

With a given horlzontal tall, the control-force
characteristics mey be varied over s wlde renge by
edjusting the veluss for the hinge-moment psrameters Ch6

e

and Chat' The present anelysis of the control-force

characteristlcs 1s glven, however, 1ln order to comvare
some typicsl vslues for Cpg end Chat, which are
e

required with the various horizontal talls to provide
compserable control-force characteristlcs with an equal
permisslble varietion 1n the center-of-gravlity position..
The &nalysls also compsres the effect of a partial-wing
stall on the control-~force gradlent in a dlve recovery.

The horizontal talls ere compared on the basis of
the originsl renge of nermisslible center-of-gravity
positions of the subject sirplene of 0,103cy. The
respective aress for the fixed-stabllizer teils (At = L.2L
and 5.82) and for the sadjustable-stabllizer and all-
movable teils ere then Ll.4, 36.6, 22.6, end 20.8 square

feot,
e
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The results of the calculations for the hings-moment
gy~ @d.for Fpn, .0,01 AQF, /3%,

AZOF, and Fr, are given in table III. The data for F,

end 0,01 5Fn/5x were obtelned by use of equations (7)
to (9) for a static mergin x equal to 0.05c, and for
en altltude of 3000 feet. The rasults in taol III are
glven for the fixed-stabillizer tall At 2li) for values

of Ch6 and Chat that wore determined on the basis of
o

unpublished flight tests of the airniene. The results

ere also presentesd for sll the tal’s on the brsis of the

values of Gh& end cha requlred to provide a control-
e t

force greadlent F, equ2l to 3.27 pounds per g eand a
value of 0.71 &F,/dx e uel to 0.52 pounds per g per
percent chenge In =x. The estlimated control belence

regquired with the tellc >n order to cbt irn the foreroling
values of Chg and  On, ares elso coipered in sable IIT,.
2] t

The control-bilcnze requiremsnts for the ffxoed-stabilizer
and edjustedlu~sc~1*1lzur tails ware estiretad ca the
basis of the tyrizsl riuﬂe -moment dets <aven in *tn re 2
of referzr.ce *: wWisuwe3d the balencu ra1tlren,nts Tor the
all-movablas t~11 wuore obtrinsd by use o7 Lkz2 furmuales
glven in tihs appsudlx of the presant rorort.

Tha rssuits given in table IIT indlcrtz thet in
order to cbtaln vaiuss of F, equa2l to 5.27 and values
of 0.01 d0F,/dx aqaal to 0.52 with & statlic margin
of 0,05¢cwg el*thsr of the flxad-stavllizor tells would

require appraclsbls rsductlons in the mgrnlitudes of Cha-

e

and Ch by use of talencing devices., Thesa data also
oy

Indicets thet 1f tho esvpect rotio o the fixsd-stabilizer

tall 1s Irncrsased frcm 4. 2l to 5.32, ths requlred control

balcnee for 3Jp,  would be reducsd by ebout 12 percent.
e

For the edjusteble-stebllizer tell, teble III shows that
In order to ooteln the fowrcgolug velues for p

end 0.10 oF,/3x, a very smell Gezrae of belance would
be required to obtein tns landicated value for Chg 3.
e

wheress appreclable belence would be requlred to obteln
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the velue Indlcated for cha" For the all-movable tall,
t

the formulasglven in the sppendix of the present paper
indicate thet the vslue for chﬁe shown In table III could

be ottained by uss of a tab, which ccvers the middle part
of the tell semispan, end hes a linkage ratio Gft/be

of 0.6, a chord equel to 0.08cg, and a spsn of 0.25bg;
whereas the tabulated wvalue of Cha of zero could be
t

obteined by loceting the plvot of the msein surface at 1ts
sarodynamlc center.

The data glven In table III for the effect of fresing
the elevrator control AZOF end for the control forces

required in the eritical landing condition Fy were

obtalnad by use of equations (13) end (1), respectively.
The results lndlicate that the velues of AZOF are small

for all the tells, The control forces required in the
critical landing condition are spproximately thke same for
the fixed-stablllzer and ths sgll-moveble talls but are
lower for the sdjusteble-stabillzar taill.

Bffect of Pertlal-Wing Stall on Control-Torce Gradlent
in a Dive Recovery

Unéder certaln flight condltions, such as In a high-
speed dive recovsry, the wing 1s apt to become partially
stelled and the lack of sdequete controllability of the
resulting large diving moment mey be very serious. A
consideration of Tactors assoclated with the wing stsll,
such as the reductions in the slope of the wing 1lift
curve end In the downwash engle at the teil, indicetes
that the dilving monent that results from a wing stall
will be iInfluenced to an important extent by the horl-
zontal tell =rea. The dlving momernt contributed by the
horlzontal tall a3 & result of the wing stall 1s assumed
to increaese directly as the product cmatzAatst + Acst)

where Aay_ ., + B¢t  1s the increase in engle of attack
at the tall due to the wilng stell.,. Tne derivetlve cma ’
t

however, numerically lncreasses directly as the horlzontal-
tall area; thersefore for a given incregse in ths engle of
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attack at the tall, the resulting diving moment will
increase directly as the horizontal-tall arsa. The
momerit” ebdut “the" alirplsne center-of gravity that.results
from the reduction in the wing 1lift-curve slope in the
stall 1s blso affected by’ the horizontal-tall erea. In

a glven alrplene, sn increese in the horizontal-tall area
results in a rearward movement of the neutral point, and
for a specified statlic margin this movement of the neutral
point in turn involves a corresponding rearward movement
of the center of gravity. For a speclfied static margin,
the relation between the positions of the wing and the
center of gravity 1ls therefore such thet the reduction

In the wing lift-curve slope assoclated with the stall
tends to reduce the stalling moment or to Increase the
diving moment as the horlzontal-tall area 1s increased.

On the basls of the foregolng discussilon, 1t appears
that 1n s high-speed dive recovery in which the wing may
become pertlielly stelled, the small horlizontal-tall areas
assoclated with the edjustable-stablllizer end all-movable
tells should, in genersl, significantly improve the
longitudinal control characteristics over those obtained
with the conventional fixed-stablllizer horizontal tall.
Figure 5 18 presented in order to gilve. a quentitative
comparison 'of the effect of .a partial-wing stall on the
control-force gradlent in a dive recovery ss obtained
with the conventlional fixed-stebillizer, edjusteble-
stablilizer, and sll-movable horizontel talls. The area
of each of the horlzontal talls 1s given and 1ls based on
e renge of permlsslible center-of-gravity positions
of 0.103cy as dstermined from flgure 2 for the original

horizontel tell of the alrplans,.

Figure 5 presents the results of the ‘computetions
for the Incresse In control-force greadlsnt duo to a
partlal-wing stall In a dlve pull-out made at constant
speed. The results for (AF,) gt 1o this figure were

calculated by mesns of equations (17) and. (18) and are
shown for a range of values of awst/aw from 0.6 to 1.0,

These values of aw may occur in the case of a high=
g W _

speed pull-out in which the thicker sectlions near the root
and those close to the wing-fuselage . Juncture tend to
stall due to critlical compresslbllity effects. These data
for (AFn)st for the tells are based on the same values

for chﬁe end chat that ere given 1n table III.
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The results in flgure 5 indlcate that the wing stall
causes a grester lncrease 1n the control-force gredient
wlth the flxed-stabllizer tall then with the adjustable~
stabllizer end all-moveble tails, Thus for awst/hw

equal to 0.8, the values for (AFn)st for the adjustable-

stabllizer end all-moveble talls sre, respectively, 21.8 per-
cent and 26 percent smeller than the value obtained with the
modi fled fixed-stabllizer talls. The magnltiude of these
reductions in (AFp)gy obtalnsd with the adjustable-

stebllizer and all-movable tails as compared with ths fixed-
stabllizer tell elso become greater as the wing becomes
more stalled. Figure 5 Indicetes that for the filxed-
stabilizer teil the increase in aspect retio from 4.2l

to 5.82 with an appropriste reduction in tall aresa has

no effect on (AF‘n)st

CONCLUSIONS

An anelysls made In order to compare a conventional
fixed~stabllizer, en sdjusteble=stabilizer, and an all-
movable horizontal tall indicated the followlng con-
clusions:

1. The all-movable and adjustable-stabllizer
horlizontal talls have a lerge adventage over the con-
ventional fixed-stabllizer tall in regaerd to tall-araa
requirements. For a speclfied range of permissible
centar-of-grevity positions, the all-movable and adjustaeble~
stebllizsr tells vermit reductions In tall asrea of approxi-
metely l}0 percent, as compsred with the fixed-stabllizer
tall.

2. A speclfied static margin can be msintained with
lerge reductlons in horlzontel-tall area by adjustments
in the center-of-gravity or wing positlons, which ere
feaslble iIn the preliminery stages of design.

3. The comperlson of the longitudinal-control
cheracterlistics obtslned with the horizontel talls, which
was mede on tha besis of taill erees thst correspond to
the same range of permlssible canter-of-grevity positions
end on the ©besls of simller dlve~recovery cheracteristics
for conditlons below thse wing stall, indicated the
followlng:
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(a) For the adjusteble-atsbilizer tall, the
required value for the rate of chenge of hinge-

- moment coefflclent wlth elevator deflection can be
obtained with appreciably smaller control balance
zha? would be required with the fixed-stabilizer

all.

(b) The controi forces required to effect &
three-point landing at minimum speed will be smallest
with the adjusteble-stebilizer tell end will be
eporoximately the same with the flixed-stabllizer
and e#ll-movable horlzontal tails.

(¢) The Increase in cmtrol-force gradient in
& dilve recovery, which results from a partisl-wing
stall, will be slgnificantly smeller with the all-
movable and adjustable-stgbillizsr talls than with
the conventionsl flxed-stabllizer tall.

i, In the case of the fixed=stebllizer tall, en
incresse 1n aspect retio from L..2iy to 5.82 for = specified'
range of permisslible center-of-gravity posltions permits
a roeductlion 1n tall srea thet varles from epproximately 10
to 12,5 percent. This increase in tell aspect ratio with
the epprorrlate reduction 1In tall erea will, 1n general,
have a slightly favoreble effoct on the longltudinal
control charscterlistics below the wing stell, and will
have no ef'fect on the iacreese iIn the control fores
gradlent In & dive rccovery due to the stall.

Langley Memorlal Asronsuticsl Leboratory
Fational Advisory Cormlttes for Aeronautics
Langley PFleld, V=a.
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APPENDIX

ESTIMATION OF HINGE-MOMENT PARAMETERS FOR
ALL-MOVABLE TAIL WITH A TAB

An estimatlion of the hinge-moment parameters Chq,

t

and Ch6 for an ell-moveble tell with a tsb, may be
e

obteined from the following approximete formulas:
= g - .
= a Al
where p 18 the dlstance measured bsasck from the tall
aerodynemlic center to the pivot of the main surface.

For g full-span tsb

oat 6r oc 6f.
sl () b m :
ch& = atct 1- o6 ) [ * (6'5'1":) e
© t cl czt
t
(A2)

f'or a partlal-span tab

ol 8 d
= a B (Mt °fy 28t ) B
by

where J &end E!' are functions of the spsn and location
of the teb and of the tail taper ratio. Velues for J

end E!' are given in rsferences 5 end 7, respsectively.
If the plvot 1s located at the amerodynamic center,
Gha = 0 end
t

= (8i3)
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Equetions (Al) to (il}) are based on strip theory
end neglect a small Increment in hinge moment, which is
trensmitted - by -the tab to-the .fuselage instead of_ to the
control colum. '
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TABLE I « BASIC DATA FOR SUBJECT AIRPLANE

Welght, | Wing ares, | Wi span Aspeet | Taper . Fa1l length
£ats L R St 0 ratio, | rasie, Plep | M | o 2 . 1 0 Ko
(1b) (g £4) (re) C A | S '4','2'-' b4 2 A e (por deg) | (fraction of oy) | (radian per ft)
8950 236 37 6.64 | 5.82 | 2,36 | Pisin | 0.60m | 2.72 0.072 2.38 0.57
TABLE II ~ BASIC ARRODYNAMIC AND DESIGE DATA POR HORIZONTAL TAILS NATIONAL. ADVISORY
q COMMITTEE FOR AERONAUTICS
$& =0l = o.,s]
Horizontal tail Aspsct | Taper e <t Span, Sepax | tmax ag
ratio, z‘-::o. celey (re) (£e) %) (deg) | (deg) | (per deg} T
Fixed stabiliser L.2h 1.71 | 0.32 0.151/8¢ | o498 | 2.06v8¢ -25 2.0 0.0635 0.59
Pixed stabiliser 5.82 2.16 32 #1368 L2658 | 2428t | -25 2.0 .0720 .59
Adjustable stabilizer 5.82 2.16 +20 .085v8¢ L2sa | 2.h28¢ =15 -15.6 .0720 47
All movable 5.82 2,16 | 1.00 258 | WL2%ySg | 2.4a8¢ | -24 [} 0720 *1.04
2Includes effees ef teb.
TABLE 1II « SBUMMARY OF RERSULTS FOR AIRPLANE WITH OBIGINAL RANGE
OF PERMISSIBLE CENTER=-OF-GRAVITY POSITIONS
OF 0,1030,
Nevement of Longitudinal sontrol characteristios
senter of
il puv=gsor . (A;tltudn, 3000 rt)
florirontel arée,| (fraction c,,, cha. 8ffect of
tall St of oy) e t Wing umstalled wing stsll
(sq £t)
Hiimd Bzt rcor [ 0,01 omon | aiop |, | ey Tor
L3 Al Yalue require- Value raquire- [x = 0.05ey (3D per g per|(rraction sy = O.Ba'
8 d ment nent perosnt oy} (1b) st
{persent) (percent) (1b per £) Cw of ow) (1b per g)
Pixed
zg;};“:zg‘ Ll [*} o -0.00670| h2.5 «0,000535| 90.0 735 .21 ~0,00950 {26.8 10.4
Ay = 4, S
rix;gli
ste zor - - . . . - . .
eaifren: Lik ] [+] .00289| T5.0 .000188( 96.5 3.27 52 00769 |11.6 L.6
Ag = 4.2l) .
Pixzed ) .
:t-hilé:as) 36.6 +006 | =.008| -.00392} 66.0 - | -.000256| 97.0 3.27 .52 «,00767 {11.5 .6
Ag # 3- .
Adjustable - - . . - . .
Mjustable | 22.6 | -.062( .090| -.0l04 L6 000190, 95.0 3.27 52 Go111 | 3.56 3
Plvot
Suitable located
tab at aere-
All movable| 20.8 | -.070| .102| ~.00096| (see text, [} dynemie 2.27 .52 0 11.5 3.0
pege 22f center ef
main
surfase

NATIOKAL ADVISORY
CONMITTEE FOR AERONAUTICS
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Figure 2,- Variation with horizontal-tall area of permissible
center-of-gravity positions for fixed-stabilizer, adjustable-
stabllizer, and all-movable hcrizontal talls,
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(b) Required movements of center-of-gravity or wing position,

Figure 3,- Movements of center-of-gravity or wing positlon required to meintaln
original etatlic margin with changes in horizontal-tall area assoclated with
three types of tall, Equivalent area of tails in each case gives same per-
missible range of center~of-gravity positlon ae obtalned with fixed-stabllizer
tail (Ag = 5.82),
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Flgure 4,~ Plan view of selected fighter airplane with reduced
horizontal-tall area obtained by use of all-movable tail,
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Figure 5.~ Comparison of effect of partial-wing stall on control force required in
dive recovery for three types of horizontal tail, Permissible range of center-

ay / Ay
- . (ae - “¥stfde\. aq 0.10(1 - 28\,
of-gravity positions, O, 1l030y; (da>st. P <da>’ st = 0O, oy )’

altitude, 3000 feet,

*ON HOV VOVN

[ NI

YOHGT



IIHl)\mlrH)l\lﬂﬂl)ﬂ)i\ﬂﬂllllm?l)llﬂl))lllllm

3 1176 01362



